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(57) ABSTRACT

Anti-friction bearing, comprising a metallic outer ring and a
metallic inner ring with respective rolling-body raceways,
and a plurality of metallic rolling bodies which roll on said
rolling-body raceways, wherein an electric insulation layer
(11) is provided on the outer ring (2) and/or on the inner ring
(3) on the raceway side and/or on the rolling bodies (4).
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1
ANTIFRICTION BEARING

The present invention relates to an antifriction bearing,
including a metallic outer ring and a metallic inner ring hav-
ing particular rolling body raceways as well as multiple
metallic rolling bodies which roll on these rolling body race-
ways.

BACKGROUND

Antifriction bearings of this type are used in a wide range
of fields, including in current-conducting or current-generat-
ing applications, such as electric motors, where, for example,
the rotor is supported on an antiftiction bearing. In applica-
tions of this type, there is the risk of electrical continuity
between the inner and outer rings, which results in damage to
the antifriction bearing raceway and causes a reduction in the
bearing life. While it is known to electrically insulate the
bearing components by applying additional thick layers
between the bearing seat and the outer ring, for which purpose
a plastic insulation layer is applied to the outside of the
bearing ring, for example according to DE 690 16 321 T2.
Particularly with smaller bearing sizes, however, relatively
considerable additional costs are associated therewith, mea-
sured on the basis of the required insulation class. Moreover,
this insulation is used only for this purpose, and measures
relating to improving the tribological property or the protec-
tion against wear must be additionally taken.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide an anti-
friction bearing, which, on the one hand, is sufficiently insu-
lated, but, on the other hand, is improved with regard to the
tribological properties and/or wear protection.

The present invention provides that an electrical insulation
layer is provided on the outer ring and/or on the inner ring on
the raceway side and/or on the rolling bodies.

In the rolling body according to the present invention, the
electrical insulation layer is particularly advantageously pro-
vided directly in the rolling area, and is thus also mechani-
cally stressed. The insulation layer may be provided either on
the raceway side on the outer ring and/or on the inner ring, the
situation on only one of the rings being sufficient with regard
to the insulation. This means that the inner circumferential
surface on the outer ring or the outer circumferential surface
on the inner ring is provided with an insulation layer of this
type. Alternatively or additionally, the rolling bodies may also
be covered with an insulation layer on the outside, which
likewise ensures a sufficient electrical insulation, as, once
again, the insulation layer in this case is itself stressed by
rolling. Due to a corresponding design of the insulation layer
or a corresponding selection of materials, tribological prop-
erty improvements and/or a wear protection may furthermore
be achieved with the aid of this insulation layer, after, as
discussed, the insulation layer, in turn, is mechanically
stressed during operation of the bearing.

For sufficient electrical insulation, the insulation layer
should have a resistance of >200 M; the higher the resis-
tance, the better. In addition, the breakdown voltage at which
a breakdown occurs should be at least 200 V.

According to one particularly advantageous refinement of
the present invention, the insulation layer is made of an oxide
ceramic, for example of Al,O;, SiO,, TiO, or ZrO,, this
enumeration not being final. On the one hand, these oxide
ceramics are excellent electrical insulators; on the other hand,
they also demonstrate excellent mechanical properties, which
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are useful, in particular, for wear protection. These oxide
ceramic layers may be particularly advantageously deposited
from the gaseous phase, for example using PVD or PACVD
methods, and may thus be applied in sufficiently thin layers
and with high quality. In consequence of the gaseous phase
deposition, in particular, good tribological properties may
also be achieved with the aid of oxide ceramic layers of this
type.

According to one refinement of the present invention, an
adhesion-promoting layer may be provided between the
metallic body of the outer ring, the inner ring and/or the
rolling body as well as the insulation layer, which ensures a
good bonding of the insulation layer, preferably of the
described oxide ceramic layer.

A layer made of a metal, a metal carbide, a metal nitride, a
metal boride or a metal silicide may be used as an adhesion-
promoting layer of this type, the selection of the adhesion-
promoting layer used being dependent, of course, on the
insulation layer material to be applied, in particular the oxide
ceramic to be applied.

In addition to the adhesion-promoting layer, if necessary a
tribological cover layer covering the insulation layer may also
be provided, which is furthermore used for setting the tribo-
logical properties. This cover layer may be a metalliferous,
hydrogenous, amorphous carbon layer, a metal-free, hydrog-
enous, amorphous carbon layer or a modified, hydrogenous,
amorphous carbon layer, this enumeration also not being
final.

On the whole, therefore, the antifriction bearing according
to the present invention may have a multi-layer laminate,
including an adhesion-promoting layer, an insulation layer
and a cover layer, so that, a layer system which is optimized
with respect to the electrical insulation property, the tribo-
logical property and the wear resistance is provided directly
in the stressed rolling area.

After the insulation layer is deposited, preferably from the
gaseous phase, it is, of course, advantageous if the adhesion-
promoting layer and the cover layer, if present, are also depos-
ited from the gaseous phase, preferably using the same
method, so that, if possible, a successive layering is possible
in directly consecutive operations.

The layer thickness of the insulation layer should be <15
um, in particular =10 pm, which is readily possible, in par-
ticular when forming an oxide ceramic layer, in particular
from the gaseous phase. If the adhesion-promoting layer and/
or the cover layer is/are additionally provided, the total layer
thickness of the multilayer laminate should be <25 um, in
particular <20 pm.

BRIEF DESCRIPTION OF THE DRAWINGS

One exemplary embodiment of the invention is illustrated
in the drawing and explained in greater detail below.

FIG. 1 shows a sectional view of an antifriction bearing
according to the present invention; and

FIG. 2 shows an enlarged, partial sectional view of the
outer ring, covered on the inside, of the antifriction bearing
from FIG. 1.

DETAILED DESCRIPTION

FIG. 1 shows an antifriction bearing 1 according to the
present invention in the form of a radial bearing, which
includes an outer ring 2, an inner ring 3 and rolling bodies 4
situated therebetween, which are held in a cage 5. Outer ring
2 has a rolling body raceway 6 and inner ring has a rolling
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body raceway 7, on which rolling bodies 4 held in a cage 5
roll, in this case in the form of needles.

Atleast one of the two rolling body raceways 6, 7 and/or the
outside of each rolling body 4 is provided with an electrical
insulation layer, which prevents an electrical continuity from
inner ring 3 to outer ring 2 or vice versa and thereby protects
the bearing against damage by current flowing over the bear-
ing. In the illustrated example, it is assumed that this electrical
insulation layer is provided on rolling body raceway 6 of outer
ring 2, as illustrated in an enlargement in FIG. 2.

FIG. 2 shows a partial sectional view of outer ring 2, which
includes metallic body 8 of outer ring 2, as well as a multi-
layer layer system 9, which is applied or provided on the
raceway side.

Tlustrated layer system 9 includes an adhesion-promoting
layer 10, which is applied directly to metallic body 8 of outer
ring 2. The adhesion-promoting layer may be made of a
metal, a metal carbide, a metal nitride, a metal boride or a
metal silicide. The specific material selection depends on the
material used for electrical insulation layer 11 applied to this
adhesion-promoting layer 10. This electrical insulation layer
11 is extremely highly resistive and has an electrical resis-
tance of >200 MQ. The breakdown voltage should be at least
200 V. This layer is preferably an oxide ceramic layer, for
example made of Al,O;, SiO,, TiO, or ZrO,, this enumera-
tion not being final. Electrical insulation layer 11 may, of
course, also be a multilayer layer, which may include multiple
layers of different ones of the aforementioned oxide ceramic
materials. Due to electrical insulation layer 11, antifriction
bearing 1 is insulated, viewed in the radial direction, so that
no continuity occurs over the bearing.

Electrical insulation layer 11, in turn, is covered with a
tribological cover layer 12, for example made of a metallif-
erous, hydrogenous, amorphous carbon layer (a-C:H:Me), a
metal-free, hydrogenous, amorphous carbon layer (a-C:H) or
amodified, hydrogenous, amorphous carbon layer (a-C:H), it
also being possible for this cover layer to be a mixed layer or
a multi-layer layer, including two or multiple of these afore-
mentioned materials. This enumeration is also not final.

Entire layer system 9 is subjected to rolling stress, i.e.,
rolling bodies 4 roll directly on this layer system 9. The
tribological properties of layer system 9, which directly affect
the rolling performance of rolling bodies 4, are set with the aid
of tribological cover layer 12. Electrical insulation layer 11
implements the current insulation, as described, while adhe-
sion-promoting layer 10 results in a strong bonding of the
cover layer system to metallic body 8 of the outer ring.

The overall layer thickness of layer system 9 should be <25
um, preferably =20 um, the insulation layer 11 not being
thicker than 15 um, preferably =10 um.

Insulation layer 11 is preferably deposited from the gas-
eous phase. The same applies, if possible, to adhesion-pro-
moting layer 10 or cover layer 12, as long as this is permitted
by the specific layer materials used.

Although FIG. 2 describes the arrangement of layer system
9 on outer ring 2, it is, of course, conceivable to also provide
this layer system alternatively or additionally on the metallic
body of inner ring 3, i.e., on its raceway 7. Of course, both
outer ring 2 and inner ring 3 may be covered with a layer
system of this type.

Alternatively or additionally, rolling bodies 4, i.e., the
needles, may also be covered with this layer system 9 on the
outside. This is also advantageous with regard to the insula-
tion properties, the tribological properties as well as the wear
resistance to be achieved.

Although FIG. 2 shows the embodiment of a layer system
9, including the three layers described, it is, of course, also
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possible to apply, for example, only insulation layer 11 and
therefore deposit it directly on the metallic body of the par-
ticular component. On the one hand, the excellent insulation
is provided thereby, on the other hand, of course, an extremely
high wear resistance as well as good tribological properties
may be achieved with the aid of the insulation layer, for
example in the form of the oxide ceramic layer. In this case,
only one single-layer system would be provided. The provi-
sion of a two-layer system is also conceivable, for example by
additionally depositing adhesion-promoting layer 10 or tri-
bological cover layer 12. Whether a single-layer system, a
two-layer system or a three-layer system is provided ulti-
mately depends on the specific application of antifriction
bearing 1.

Although FIG. 1 shows a radial bearing, it is, of course,
also conceivable to design the antifriction bearing as an axial
bearing. Moreover, the present invention is, of course, not
limited to a needle bearing; instead, any type of antifriction
bearing may ultimately be provided according to the present
invention.

LIST OF REFERENCE NUMERALS

1 Antifriction bearing

2 Outer ring

3 Inner ring

4 Rolling body

5 Cage

6 Rolling body raceway
7 Rolling body raceway
8 Metallic body

9 Layer system

10 Adhesion-promoting layer
11 Insulation layer

12 Cover layer

What is claimed is:

1. An antifriction bearing comprising:

ametallic outer ring and a metallic inner ring having rolling

body raceways, the metallic outer ring being electrically
insulated from the metallic inner ring;

a plurality of metallic rolling bodies capable of rolling on

the rolling body raceways;

an electrical insulation layer provided on the outer ring or

on the inner ring on the raceway side, or on the rolling
bodies, wherein the insulation layer is made of an oxide
ceramic; and

an adhesion-promoting layer between a metallic body of

the outer ring or of the inner ring or the rolling body and
the insulation layer, wherein the adhesion-promoting
layer is made of a metal carbide, a metal nitride, a metal
boride or a metal silicide.

2. The antifriction bearing as recited in claim 1 wherein the
insulation layer has a resistance of >200 MQ.

3. The antifriction bearing as recited in claim 1 wherein the
insulation layer is made of Al,O;, SiO,, TiO, or ZrO,.

4. The antifriction bearing as recited in claim 1 further
comprising a tribological cover layer covering the insulation
layer.

5. The antifriction bearing as recited in claim 4 wherein the
cover layer is a metalliferous, hydrogenous, amorphous car-
bon layer, a metal-free, hydrogenous, amorphous carbon
layer or a modified, hydrogenous, amorphous carbon layer.

6. The antifriction bearing as recited in claim 1 wherein the
layer thickness of the insulation layer is =15 pm.

7. The antifriction bearing as recited in claim 1 wherein the
layer thickness of the insulation layer (11) is =10 pm.
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8. The antifriction bearing as recited in claim 1 wherein at
least one of the insulation layer and the adhesion-promoting
layer is manufactured using a PVD or PACVD method.

9. The antifriction bearing as recited in claim 1 wherein the
rolling bodies are needles. 5
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